Physical therapists and occupational therapists play a major role in teaching their patients new motor skills. In most cases, it is physiologically, emotionally, and economically advantageous for the patient to acquire the skill as rapidly as possible. Mental practice may be an important clinical tool in assisting patients to rapidly learn a motor task. In addition, when fatigue makes physical repetition of a motor ask undesirable, mental practice may be an effective aid to mastery of a slull without the expenditure of significant energy.
Joyce R Maring
The facilitating effect of mental practice on slull acquisition has been well documented.'-5 Changes have been shown to take place on electromyographical recordings as a result of physical practice."' G No previous research can be found, however, to document whether the use of mental practice can accelerate the EMG changes found following physical practice. Schmidt indicated that mental practice is an area of research with many unanswered questions but with practical applications.17 mental and pbysicul practice. The task was to toss, by flexing the elbow, a PingPong ball held in a cup on a forearm splint to a target. 7i3e biceps bracbii muscle and the long and lateral head of the mcqs brachii muscle were monitored electromyographically to determine any changes occum'ng during skill acquisition.
The Experimental Group S accuracy improved at a sign@cantly greater rate than that of the Conlrol Group. In addition, the E3cperimerual Group demonsh-ated changes in timing z)uriables that led to a more eficient movement. 7i3e.e changes included a decrease in timepom the onset of muscle activity t o p e d activity and an increase in the time e l a p e d m the onset of agonist contraction to the onset of antagonist contraction. These results suggest that mental practice may be an important tool in facilitating the acqutkition of a new motor skill. [Maring JK: Effects of mentalpractice on rate of skill acqubition. Pbys Ther 70:165-172, 19901
Most therapists tend to emphasize the role of peripheral sensory input while teaching their patients new slalls. This tendency is especially true with patients who have a developmental disability or brain injury. The ultimate goal is often an "automatic" correction of the movement via peripheral sensory input.18 Brunnstrom has stated that for the execution of voluntary movements, the entire sensory pathway from the periphery to the cortex must be funaioning.19 A deafferentation study performed on animals20 and the study of ballistic movement in humans,21 however, seem to indicate that much movement may be preprogrammed by the central nervous system.
Granit has urged scientists to stop polarizing discussions of motor control around two mutually exclusive alternatives. 22 In reality, central and peripheral mechanisms must be closely intertwined and operate together for smooth, skilled movements. Therapists must also consider treatment approaches that utilize more of the tenets associated with central control.
Mental practice may be an important central to01 for accelerating gross motor learning. Athletes have been aware of the benefits of mental practice for some time. 23 Rawlings et a1 demonstrated that mental practice or covert rehearsal increases the speed and retention of skill acquisiti0n.l Fansler et a1 found that mental practice enhanced unilateral balance in elderly women.2-' Granit suggested that conscious awareness plays a role in stamping in engrams, serving as an activator capable of selecting cells and circuits and keeping them in focus to the exclusion of others via the use of both excitation and inhibition22
Richardson refers to mental practice as the symbolic rehearsal of a physical activity without gross muscular movement.3 Exactly what the subject does during "mental practice" unfortunately has not been clearly defined. Jones believes that the most essential element of mental practice is the formation of a kinesthetic image; the subject must be able to conjure up what it feels like to perform a rn0vement.~5 Once an attempt of the movement has been made, proprioceptive feedback enhances the chance of completing the image.
Some controversy exists in the literature rega.rding the effect of physical practice on muscle activity. There is little agreement as to whether the electrical activity of the agonist and antagonist increases or decreases, as determined by analysis of integrated electromyographic data following physical practice.7-16q26 DBerences in the amount of electrical activity may be a function of uncontrolled variables rather than a result of practice. For instance, it has been documented that an increase in velocity of movement is associated with an increase in EMG acti~ity.~7 Although many studies mention changes in velocity, there was no attempt to correlate these changes with the changes in electrical activity. The differences in electrical activity recorded also likely depend on which muscles are being examined. The results of a study by Lamb et a1 indicate that a difference may exist between the changes in electrical activity of the prime movers versus accessory muscles as a result of practice.12
Several authors do agree on the effect that practice has on the activity of agonists and antagonists. Basmajian and Blumenstein summarized this relationship well when they stated that there is a selective inhibition of unnecessary muscular activity. 28 If the EMG recording demonstrated a lot of antagonist movement, they determined it to be a signal of either abnormality or ineptitude. Hobart described an increase in the antagonist burst at the end of the movement to slow down the moving part at the end point.1° During most of the movement, the antagonist was silent. Person, in describing the EMG reading, observed a concentration of excitation and rest periods following practice of a chiseling task and a reciprocal relationship of the agonist and antagonist that was not observed before practice.l4 Fisher and Merhautova observed a gradual increase in electrical activity during the entire movement of untrained subjects, whereas trained subjects demonstrated bursts at the "proper" m~m e n t s .~ The purpose of this study was to investigate the effect of mental practice on skill acquisition during a novel motor task. Electromyography was used to provide evidence of the changes that occur in muscle activity secondary to the learning of a novel task. I hypothesized that mental practice could accelerate the acquisition of a new motor skill. I also proposed that the EMG changes associated with 'Parker Brothers, 50 Dunharn Rd, Beverly, MA 01915 learning a new task, as demonstrated in the physical practice studies, would appear more quickly in an individual incorporating the use of mental practice. These changes would include a selective inhibition of unnecessary muscular activity, resulting in a reciprocal relationship of the agonist and antagonist as described by Person,l4 and timing features indicative of central programming or motoneuron recruitment.
Method

Subjects
The subjects in this study (N = 26) were selected on a volunteer basis from the students of Sargent College of Allied Health Professions at Boston University, the students of the University of Rhode Island, and the employees of the Ladd Center in Rhode Island. The subjects, whose ages ranged from 22 to 40 years (X = 30 years), were randomly divided into two groups. The Experimental Group (10 women, 3 men; X age = 31 years) performed a task involving a combination of mental practice and physical practice to determine the effect of the addition of mental practice on motor skill acquisition. The Control Group (1 1 women, 2 men; X age = 29 years) performed the task using physical practice only for the purpose of comparison. All subjects were free of known neuromuscular disease processes. Informed consent was obtained from all subjects, and the study protocol was approved by Boston University's Human Research Review Board.
Procedure
In order for learning to occur and be measurable, the subject must be unfamiliar with the movement task to be performed. The task selected was to throw a Ping-Pong ball* by flexing the elbow from a position of extension. The elbow was positioned in extension on a forearm splint. The ball was thrown to a horizontally placed target located 1.5 m in front of the subject. The subjects were seated in an armless, straight-backed chair. The fore-arm was in the neutral position, thumb facing anteriorly (Fig. 1) . The -Ping-Pong balls were covered with strips of Velcrom hooktape,+ and the target was constructed from a Velcro@-adherent material.
Beckman miniature silversilver-chloride electrode$ were placed on the belly of the biceps brachii muscle and the long and lateral heads of the triceps brachii muscle of the nondominant arm. The position of the electrodes was verified by palpation during manual muscle testing and by comparison to Basmajian and Blumenstein's anatomical drawings.28 A ground ear-clip electrode was applied to the ipsilateral ear. The medial head of the triceps brachii muscle was not monitored because evidence suggests its output is unchanged with learning.5 The biceps brachii muscle was selected as the prime mover of the task requiring elbow flexion. Bouisset et a1 found that in a variety of elbow flexion tasks, during which the elbow flexors were monitored, the onset of EMG activity appeared first and generally was greatest in the biceps brachii muscle. 29 The EMG activity of the other flexor muscles demonstrated a linear relationship to the biceps brachii muscle, regardless of velocity of movement and inertia.
The selected electrode sites were prepared by cleansing the area with alcohol, abrading the skin with Omni~r e p , b n d forcing a conductive medium into the slun with a stiff brush. Adequate skin resistance was verified with a Grass impedance meterll and ranged from 2 to 8 kR with a mean of 4 kR.
The electrical output was processed by three 7P3 AC preamplifiers and three 7P10 cumulative integrators of a Grass Model 7 polygraph. I' The preamplifiers were calibrated with a 0.5-A frequency range of 3 to 75 Hz and the cumulative integrators with a 0.5-A frequency range of 3 to 40 kHz. The sensitivity was adjusted to 200 @/2 cm peak to peak. The paper speed was 100 mm/sec. The movement was tracked with an electrogoniometer mounted on the lateral aspect of the subject's arm, with the axis of motion at the elbow joint. This movement was recorded using a 7P1 DC preamplifier over a linearly calibrated range.
Each subject first performed maximal voluntary contractions (MVCs) of the biceps brachii and triceps brachii muscles in the midrange position using manual resistance to obtain baseline data, thereby reducing intersubject variability. Next, members of the Control Group were given a task that demanded their mental attention. They were given a poem, which they were instructed to memorize for two minutes.30 They were then asked to toss the Ping-Pong ball to the target using elbow flexion. They repeated the toss 10 times. Each subject was again distracted for two minutes and the trials repeated. Five repetitions of this sequence were performed.
Members of the Experimental Group followed the same procedure for all five repetitions except that during the two-minute period that the Control Group was distracted, the Experimental Group was told to visualize the movement mentally. Cues were given, such as "Look at the target. I want you to visualize your arm moving the ball to the target. Feel this movement in your mind; picture it." During this period of mental practice, the subject was not allowed to physically move the arm.
Data Acquisition
The accuracy of the ball toss was assessed for all 50 tosses of each subject. The distance (in centimeters) from the midpoint of the ball to the center of the target was measured for each toss.
The total electrical activity was also ' muscle activity to the peak of motor recruitment f i r all three sets of electrodes. The second timing feature measured was the time elapsed between the onset of the biceps brachii muscle (agonist) activity to the onset of the triceps brachii muscle (antagonist) activity. All timing features were measured for each of the six series of trials cited previously.
Data Analysis
The primary research question was whether mental practice can accelerate the rate of motor slull acquisition. A linear regression appeared to be an The slopes of the linear regressions and their associated standard errors were determined for each dependent variable versus trials, individually and then by group. Student's t tests were performed to determine whether the slopes of the individuals and then groups differed significantly from zero. Student's t tests were also performed to determine whether the slopes, and therefore the rate of sktll acquisition, differed significantly between the Control and Experimental Groups.
Results
Because of technical problems or artifacts, we could not include all EMG data of all subjects in the data analysis. One subject of the Experimental Group had very high electrode impedance as measured by the impedance meter (greater than 20 kfl), despite three attempts to reduce resistance via skin preparation. Therefore, too much artifact was present to reliably reduce the data. One subject in each group had high electrode impedance in the lateral triceps brachii muscle's electrodes, and one subject of the Control Group had significant cable artifact in the EMG tracings of the long head of the triceps brachii muscle, probably attributable to brushing against the upp"er body during the tossing motion.
The mean slopes and standard errors for both groups for all the variables tested are reported in Table 1 . Tables  2 and 3 summarize the results of the t tests for the slopes of all the dependent variables for the groups separately to determine whether the performance of the group as a whole changed significantly on the variable being tested. Table 4 summarizes the results of the t tests for the group comparisons of the slopes of the variables tested to determine whether the groups differed significantly from each other in the rate of skill acquisition or change.
Discussion
The Experimental Group demonstrated numerous significant - changes over the series of trials, than that of the Control Group (Tab. which differed from those of the 1, Fig. 2) . This difference in skill Control Group. Although both acquisition was significant at the groups demonstrated an increase in 95% confidence level (Tab. 4). A accuracy, the Experimental Group's review of the data also revealed that accuracy improved at a faster rate 10 Experimental Group subjects Physical TherapyNolume 70, Number 3IMarch 1990
showed significant improvement, whereas only 5 Control Group subjects demonstrated progress that differed significantly from zero. This finding w&ld appear to indicate that mental practice is indeed effective in increasing the rate of skill acquisition during a novel motor task.
Several of the timing variables also revealed differences between the two groups. When the group results were examined separately, none of the timing features of the Control Group showed significant changes, whereas all of the timing variables of the Experimental Group with the exception of onset of muscle activity to peak activity of the biceps brachii muscle demonstrated signficant changes ([Tabs. 2, 3) . The Experimental Group's peak of antagonist muscle contraction occurred earlier and the antagonist also commenced firing later in the range of motion over the course of the trials, as compared with the Control Group.
When the slopes of the two groups are compared with each other for timing variables, significant differences end of the movement to slow down These changes may indicate that the the moving part at the end point; movement was being programmed at during most of the movement, the a more central level in the Experiantagonist was silent (Figs. 3-5) .
mental Group than in the Control again become evident (Tab. 4). The rate of change for the time of initia---tion of muscle activity to peak activity was significantly different for both antagonists. The time that elapsed from the initiation of agonist activity to the initiation of antagonist activity increasecl for the Experimental Group at least for the lateral head of the triceps brachii muscle. The long head of the triceps brachii muscle also showed activity later in the ROM, but this finding was only significant at the 75th percentile.
The changes in timing variables that occurrecl over the series of trials in the Experimental Group is consistent with the change in the agonistantagonist relationship described by Group. The concentration of excitation and rest periods is typical of movements believed to be preprogrammed by the CNS.21 Although some researchers were able to report these changes as a result of physical practice, the 50 trials used in this experiment appeared insufficient to observe these changes in the Control Group. The Experimental Group, however, did demonstrate this changed relationship at a significant level, indicating that mental practice in conjunction with physical practice may be an important tool in improving the coordination and efficiency of a new motor task at a much faster rate than the use of physical practice alone.
Changes in the total IEMG for the three sets of electrodes occurred at a significant level for the long head of the triceps brachii muscle only. These changes were consistent with Hobart's description of an overall increase in the electrical activity of the antagonist.I0 It is not clear why no systematic changes occurred in the other muscle groups recorded. Perhaps the number of trials was insufficient to observe a significant change.
The subjects demonstrated great variation in elbow ROM used to toss the ball. The Control Group's ROM was 8 to 75 degrees, with an average excursion of 42.5 degrees. The Experimental Group's ROM was 15 to 80 degrees, with an average excursion of 44 degrees. Therefore, the ROM was not significantly different between the groups and probably did not contribute to the differences between groups. The elbow ROM of each subject also did not significantly change during the six trial sequences, indicating that the individual used the same tossing strategy throughout the trials.
Because all subjects in this study were free from known neuromuscular involvement, the application of these results to patients whose physical dysfunction is related to a neuromuscular disorder cannot be ascertained at this time. In addition, mental practice as a therapeutic tool would appear to require that the individual using it be Despite these limitations, the results capable of the cognitive processes of this study suggest that mental pracnecessary to form a kinesthetic image tice in addition to physical practice and rehearse that image. may be an extremely effective tool in assisting a patient to rapidly learn a 
Conclusions
The findings of this study showed that the subjem who used mental practice in conjunction with physical practice increased their accuracy for the task at a significantly faster rate than the subjects who used physical practice alone. In addition, the Experimental Group demonstrated changes in timing variables that led to a more eficient movement. These changes included a decrease in time from the onset of muscle activity to peak activity and an increase in the time elapsed from the onset of agonist contraction to the onset of antagonist contraction. These timing changes did not occur at a significant level for the Control Group. Overall, the total electrical activity changes were not significant for either group.
More research is warranted to explore the application of mental practice a s a treatment modality. Applicability to individuals with neuromuscular dyshnction should be investigated. Mental practice, however, may be an important therapeutic tool to encourage rapid acquisition of a new skill.
